health for both the London Borough of Finsbury and the County of Bedfordshire. He was later to become a Civil Servant of power and influence, shaping government health policy and a key player in its implementation. He was knighted in 1911 and in 1919 he became Chief Medical Officer to the new Ministry of Health. He described the social factors associated with a high infant mortality.
In 1901 in his annual report for the London Borough of Finsbury Newman wrote that 'Infant mortality is one of the Figure 1 Annual deaths from diarrhoeal disease in England and Wales 1900 Wales -1975 ( Table 1 ). The cause of this fall in infant mortality in developed nations is a matter for debate amongst medical historians and public health specialists. However, one person whose recommendations may have played a major part in it in England and Wales is George Newman.
INFANT MORTALITY AT THE TURN OF THE CENTURY
George Newman (i870-1948) expressed his concern about the high infant mortality in his book Infant Mortality, a Social most reliable tests of the health of a community and the sanitary condition of a district'. In his 1906 book he made recommendations to remedy matters with particular reference to the high infant diarrhoeal mortality. This was persisting despite general availability of clean water and good municipal sanitation.
In Infant Mortality Newman emphasized the large contribution to the bills of mortality made by the young, attributing it to their susceptibility to environmental influences. He held the view that 'as civilization advances, so infant mortality should become less', but infant mortality was not falling in England and Wales at that time. The important factor was the failure of infant mortality to fall University Department of Paediatric Gastroenterology, Royal Free Hospital, London NW3 2QG, UK when birth rate was declining rapidly. Such a conjunction had never been observed before; and Newman suggested in his preface that the high death rate must indicate 'evil conditions in the homes of the people'. Poverty could not be the only factor, because in many poor communities infant mortality was low. Likewise poor housing and the external environment could not on their own account for it. He concluded that 'this loss of infant life in some way is intimately related to the social life of the people'. The evidence for these statements and the preventive strategies required were subsequently outlined in his book.
INFANT DIARRHOEAL MORTALITY
Newman identified epidemic diarrhoeal disease as a major cause of the high infant mortality, and related it directly to conditions in the urban environment. His ideas were influenced by the work of Edward Ballard who had been medical officer for health in Islington from 1856-1870 and then inspector to the Local Government Board from 1871 to 18902. In 1887 Ballard had stated that there were three fundamental causes influencing the production of epidemic diarrhoe,4 soil, season and food. However, the causa causans was some micro-organism not yet detected: 'such a micro-organism can manufacture by the chemical changes wrought therein through certain of its life processes, a substance which is a virulent chemical poison and that this chemical substance is in the human body, the material cause of epidemic diarrhoea'3. Ballard's views were very important. Clinicians had previously regarded diarrhoea in infancy as a non-specific symptom common to various disturbances of the alimentary tract and had not understood the importance of infection in its causation, especially in epidemic diarrhoea. Tribute was paid by Topley and Wilson to his important contribution in the first edition of Principles ofBacteriology and Immunology4 in 1929: ' Ballard was the first to recognise the disease [summer diarrhoea] as a clinical entity and to point out its close analogy with those diseases caused by infective micro-organisms'. Ballard had the idea that the 'essential cause of diarrhoea resides ordinarily in the superficial layers of the earth, where it is intimately associated with life processes of some micro-organisms not yet detected, captured or isolated'. This idea led to the widely held view endorsed by Newman and other medical officers of health that summer diarrhoea was a 'filth disease'.
EPIDEMIC DIARRHOEA AS A CAUSE OF INFANT MORTALITY
Because of its infective or diet-related origin, Newman regarded epidemic diarrhoea as essentially preventable, and a reduction in its prevalence would have great impact on overall infant mortality. He defined epidemic diarrhoea (zymotic or epidemic enteritis) as an acute infective disease affecting chiefly children under two years of age, occurring during summer months and characterized by diarrhoea, vomiting, convulsive phenomena and wasting, accompanied in severe cases by toxaemia and collapse. Despite improvements in sanitation, epidemic diarrhoea was increasing in incidence. Moreover, mortality was much higher in cities than in rural areas.
As a percentage of deaths in London, epidemic diarrhoea rose from 10.7 in 1854-1859 to 15.1 in 1899-1903, an increase of 41.1%. Infant mortality in London was 155 in 1851-1860 and 160 in 1891-1900. Newman also reported that in New South Wales, Australia, although there was a general decline in infant deaths, there had been an increase in the number of fatalities due to diarrhoea, particularly in the second trimester of life again worse in the cities than in the rural areas. In Sydney in 1903 infant mortality rate was 116.3 per 100 000 compared with New South Wales as a whole 11.
In relation to the infective cause of diarrhoea Newman remarked:
It is evident that our knowledge of the bacteriology of diarrhoea is not sufficiently established to permit of any very definite conclusion on the matter. It may be that the whole group of choleraic, enteric and diarrhoeal diseases are caused by a group of micro-organisms having many similarities and relationships to each other; or it may be that different forms of diarrhoea have their own causal organism; or lastly, it may be a question of association of organisms or of toxins which brings about the disease. In any event there is abundant evidence that epidemic diarrhoea is a specific disease caused by bacteria.
The abundant evidence he referred to was epidemiological data from various sources attesting to the infective nature of epidemic diarrhoea. He detailed his own experience in Finsbury and referred to the work of a wide range of investigators, especially fellow medical officers of health such as Ballard of Islington, Newsholme of Brighton, Niven of Manchester and Hope of Liverpool. In his 1906 book Newman summarized the principal adverse factors as bad housing, poverty, artificial feeding and lack of domestic sanitation. These were all in his view preventable.
The quest to prevent epidemic diarrhoea, based on such epidemiological observations, thus began in the first decade of the century. In England and Wales it was successful and rapid. Despite the absence of knowledge of a specific cause, once Ballard's basic concept became generally accepted, infant mortality could be dramatically reduced by a public health strategy. This strategy centred on maternal education, with promotion of breast feeding and emphasis on the importance of both milk and weaning foods. Encouragement of breastfeeding and high standards of domestic hygiene seems to have been the main reason for the fall in infantile diarrhoeal mortality in the first half of the twentieth century in Britain and other developed nations. In due course epidemic summer diarrhoea in infancy disappeared in Britain and the century saw a remarkable decline in overall infant mortality.
The low infant mortality of developed countries makes a sharp contrast with indices in the developing world (Table   1) , which resemble those in England at the beginning of the century. The policies advocated by Newman and other medical officers of health at the turn of the century in England and Wales, if implemented in the developing countries today, would probably have similar success if coupled with the provision of clean water and sanitation5.
